Objectives: Many studies have analyzed the impact of socioeconomic factors and working conditions on health inequalities in working age adults. However, fewer reports focused on older age workers. The aim of this longitudinal study was to assess the influence of education, occupational status, and health-related behavior on mortality patterns in older age. Methods: Data for analysis derive from a study performed in 1986-1987 on a population sample of 2580 individuals (1703 women and 877 men) randomly selected from 8055 persons aged over 65 years who were residents of the Old Town area in Kraków, Poland. A face-to-face interview was conducted using a structured questionnaire regarding education, occupational status, profession, importance attached to work and other life values, early retirement/disability pension due to health condition as well as sociodemographic data and medical history. Mortality data compiled from death records for a 17-year period of time were analyzed. Cox multivariate proportional hazard models were used to analyze independent predictors and estimate mortality risk. Results: This risk tended to significantly increase with a decreasing level of education. For males with higher education, caring for one's health in the past was the factor that significantly contributed to increased mortality risk. Conclusions: Working conditions were found to have a significant influence on mortality risk in older age. Different patterns of mortality risk were noted for men and women.
INTRODUCTION
Many studies have analyzed the impact of socioeconomic factors on health inequalities in working age adults. However, fewer reports have focused on the elderly [1] [2] [3] [4] . An analysis of mortality patterns in older age may provide information about the possible accumulation of various mortality risk factors after retirement [5] . The occupational status of an individual is related to his work history, health effects of exposure to occupational hazards, working conditions, lifestyle, and health-related behaviors. Studies on different exposure conditions in workplace have revealed that less educated people are more frequently exposed to hazardous agents than those with higher levels of education [6] . Many aspects of a healthy life course were shown to be associated with the socioeconomic status (SES) [7] .
Studies on the relationship between working conditions
and health have focused on the direct and indirect effects pational prestige, was generally associated with reduced mortality over a 9-year period. [18] . Studies concerning socioeconomic differentials in mortality have indexed the socioeconomic position in different ways, for example using occupational social class, level and type of education, employment rate, and income access to or ownership of various assets [21] . By analyzing the relationship between education and occupational social class, and such factors as health-related behaviors, physiological risk factors, health status, and mortality risk, one may better answer the question of how the different dimensions of the socioeconomic position relate to health [21] . Mortality risk considerably increases from the rates found for non-manual workers to those for manual workers, and similar gradients are also seen with respect to education (high level vs. low level) [21] . Proportional hazard models are also fitted for the socioeconomic measures: education is strongly related to early adulthood, and work activity to adulthood life trajectory opportunities: age at starting work activity, labour force careers, exposure to adverse conditions, life-time exposure, abilities to compensate for or reduce unhealthy conditions, and health knowledge. Several possible explanations for social inequalities in health have been proposed. A life-course influence on health refers to cumulative, differential exposure to the health damaging or health promoting environments, adverse health behavior of individuals or groups, and negative emotions which may result in an enhanced response to stress [17] .
Aim of the study
The aim of this observational study was to assess the role of education and occupational status, including characteristics of occupational activity (e.g. health consequences of workplace exposure), and early retirement/disability pension [ER/DP]) on mortality patterns in older age.
MATERIALS AND METHODS
Data for analysis derive from a study performed in 1986-1987 on a sample of 2580 individuals (1703 women and 877 men) randomly selected from a population of 8055 persons of one's physical work environment, characterized by exposure to different occupational hazards, and on the influence of psychosocial environment [8, 9] . As regards the psychosocial environment, the impact of working conditions usually follows Karasek's demand-control model and Siegrist's effort-reward imbalance model [10] . The relationship between working conditions and occupational disease, including other morbidity and mortality factors, has usually been analyzed in an economically active population during their period of employment [11] [12] [13] [14] . Rarely has this relationship been studied in older age as a long-term consequence of work activity performed earlier in life [15, 16] . Siegrist and Marmot [17] have observed that the steepest social gradient referred to two stages of the life course: early childhood and middle age, and less to the periods of adolescence and older age. Few attempts have so far been made to explore the behavioral pathways by which the socioeconomic status and mortality are linked in the elderly [18] . The mean differences in life expectancy between individuals with high and low levels of the socioeconomic status, defined by education, income, and employment status, range from 4 to 10 years [17] . Studies conducted to investigate the association between socioeconomic status and mortality among older people, have shown lower mortality rates among the elderly with a secondary or tertiary level of education, compared to those with elementary education [19, 20] . In the Finnish Elderly Study, concerning the age groups of 60-74 years, 75-84 years and 85 years and over, in all these groups, mortality was lower among the elderly having a secondary or higher level of education than among those with an elementary level. A clear pattern was found for differences in mortality according to occupational class. In the age groups of 60-74 and 75-84 years, mortality was lowest among those classified as upper white-collar workers whereas unskilled workers showed the highest level of mortality [19] . The US study which investigated the relation between SES and mortality in four communitydwelling elderly populations, has confirmed that higher SES, whether measured by education, income, or occu- of natural light, bathroom and WC, and heating system: traditional or modern (electric/gas heating). Reporting none or only one of these factors denoted poor living standard while two or three of these factors, good living standard. Self-reported chronic health conditions and func-III.
tional status was associated with the following three factors:
Being diagnosed with a chronic disease, for which 1.
the subject sought treatment in an outpatient clinic and/or hospital within a year preceding the study. This referred to 13 types of ailments: bronchitis, pneumonia, pleurisy, asthma, lung edema, hypertension, atherosclerosis, myocardial infarction, other cardiovascular diseases, gastric ulceration, diabetes, rheumatic arthritis, and atopic dermatitis. Receiving a disability pension or going on early re-2.
tirement due to health reasons. Self-rating of health condition on a five-point scale: IV.
from very good (5 points), good, fair, poor, to very poor (1 point).
Lifestyle parameters under study were the smoking V.
habit and BMI: Three categories of subjects were identified: those 1.
who had never smoked, those who smoked regularly in the past (minimum 1 cigarette/day), and those smoking regularly at the time of enrollment. BMI was calculated based on body height and 2.
weight number of years of employment and of not being involved in any job. The current profession and employer was also inquired about. Exposure to occupational hazards: dust, high or 4.
varying temperature, humidity, irritant fumes/ gases or other chemical pollutants -these factors were analyzed separately. Then, a scale was developed measuring the number of hazardous agents to which the subjects may have been exposed in the course of their professional experience. Living conditions were analyzed based on the following conditions were analyzed based on the follow-II.
ing factors: a spacious apartment with ample amount professional experience, being tired with life, perceived importance of such life values as family, leisure-time or recreational activities, gaining assets or money, religion, and continuing education.
The final stages of the analysis yielded two multivariate models describing the influence of education (model I) and social class (model II) on mortality risk. Each model was analyzed respectively for educational levels (4 models) and occupational classes (5 models).
Statistical significance was at p = 0.05. A 95% confidence interval was calculated for hazard ratios computed with Cox proportional hazard models. Data were analyzed using SPSS 14 Pl package for Windows.
RESULTS
In the study population, the age structure was similar for both sexes, with the mean age of 72 years. Most of the male subjects (32.6%) had secondary education, 29.3% higher education, 21.0% elementary or elementary incomplete education, and 17.1% vocational basic education. In the group of female subjects, individuals with elementary or elementary incomplete education (50.0%) prevailed; others had secondary (30.0%), higher (10.9%), and vocational basic (8.2%) education. Almost all of the male subjects (99.1%) had been occupationally active throughout their lives. The largest occupational groups were professional workers (31.3%) and industrial workers and craftsmen (30.8%). The subjects with higher education were most frequently professionals, and those with vocational basic education were chiefly skilled manual workers ( Table 1) . As regards female subjects, 19.3% had no work history and the remaining part worked mostly as partly skilled and unskilled workers (32.3%) and intermediate workers (22.0%). Male subjects exposed to hazardous agents in workplace made up 38.7% of the population sample, with 18.7% of this population being exposed to a single hazardous agent. Only 3.7% of individuals were exposed to all the four hazards examined. As regards exposure to each specific hazard, 25.1% of the population were exposed to dust, 19.7% to irritant gases or other chemicals, 16.1%
(categories 3 and 4) and the other one reflective of non-caring attitudes (categories 1 and 2). Being tired with life was evaluated on a three-2.
point scale: not tired at all (rank 1), somewhat tired (rank 2), and very tired (rank 3). In further analysis, this scale was reduced to two categories: reflective of not being tired (rank 1) and being tired with life (ranks 2 and 3), respectively. Importance attached to work and other life values VII.
such as family, leisure-time or recreational activities, gaining assets or money, religion, and continuing education , was assessed on a five-point scale, beginning with none (rank = 1), little, moderate, great and extreme (rank = 5). In further analyses, the categories of great and extreme, and none/little/moderate were combined; these new parameters were now referred to as 'extreme' and 'moderate', respectively. Sociodemographic profile: age, marital status, VIII.
number of children, and duration of residence in Kraków. Mortality data concerning the participants of the original 1986-1987 study were retrieved from death records for a 17 years' period since the survey time i.e. till December 31, 2005 and analyzed with respect to all the causes of death. The records were obtained from the District Statistics Office and District Register Office in Kraków.
Statistical Analysis
Cox univariate and multivariate proportional hazard models were used to describe independent predictors and estimate mortality risk. Multivariate analysis covered a variety of mortality risk factors pertaining to one's work environment. Multivariate models were standardized for the sociodemographic profile (age and marital status), occupational status, risk of exposure to hazardous agents, lifestyle (smoking habit), self-reported chronic health conditions, self-rated health, and living standard. In view of the high correlation between education and occupational class in the male population under study, these variables were not included simultaneously in the multivariate model. Multivariate models fitted later on excluded the variables which did not show any influence on mortality risk, namely, Two independent models were constructed separately for the above variables to investigate the influence of education and occupational status on mortality risk in older age. According to Cox univariate and multivariate proportional hazard models, the significant predictors of mortality risk in the female population were occupational status and educational level. For women, the mortality risk was higher among those with higher education, though the differences were not statistically significant (Table 2) . Cox multivariate regression analysis revealed that in all the occupational groups, except for skilled non-manual workers, the mortality risk was lower than among professionals (Table 3 ). Detailed analysis of work environment characteristics in the female population did not yield any independent predictors of mortality. For this reason, women were excluded from further analysis. According to Cox univariate proportional hazard models, significant predictors of mortality risk for male subjects included education, occupational status, eligibility for early retirement or disability pension, attitude to work as a life value, and self-reported chronic health conditions. Mortality risk significantly increased with a decreasing level of education. This tendency was reversed only for male workers with elementary or elementary incomplete education for whom mortality risk was lower than for those with vocational basic education ( Table 2) . Cox multivariate to high or varying temperature, and 10.8% to humidity. Male subjects with higher (23.2%) and secondary education (26.6%) were less frequently exposed to occupational hazards at work than those with vocational basic (63.6%) and elementary (59.4%) education. Among occupationally active women, 22.9% were exposed to hazardous agents in workplace. The most prevalent occupational hazard was industrial dust (18.4%), followed by irritant gases or other chemicals (10.7%), and high or varying temperature (8.9%). Only 6.9% of the female subjects reported being exposed to humidity. A majority of males (65.4%) and females (69.7%) perceived work as an important life value. Self-rated health was most often reported as good (75.9%); only 5.1% of males assessed their health as very good, 13.6% fair, 4% poor, and 1.4% very poor. Women also most frequently ranked their health condition as good (74.3%), while 2.2% as very good, 16.4% fair, 5.5% poor, and 1.6% very poor. The subjects also reported three chronic diseases on average. More than half of the male (61.2%) and female subjects (60.7%) were eligible for early retirement or disability pension due to health reasons. Also a similar proportion of males (64.2%) and females (65.9%) reported that they had not been caring for their health in the past. The male subjects who assessed their health as good, cared for their health less than those who reported their health as poor (30.4% vs. 57.7%). The males eligible for early retirement or disability pension more frequently reported not caring for their health in the past, compared to ineligible individuals (74.6% vs. 48.9%). Significant differences in mortality risk were also noted within certain occupational groups: skilled manual workers, skilled non-manual workers and professional workers eligible for ER/DP had a higher mortality risk than their ineligible counterparts, but this influence was statistically significant only in the group of professional workers (Table 5). For individuals with higher education, caring for one's health in the past did increase the mortality risk (Table 4) . Cox proportional hazard model revealed within-group differences for professional workers and skilled non-manual workers, with regard to the impact that caring for one's health in the past had on increasing mortality risk. In the other groups of respondents, an inverse relationship was found between the latter factor and mortality risk ( Table 5 ). These findings were not statistically significant. Within-group differences in mortality risk were also noted for individuals with higher education who perceived work proportional hazard models indicated that all the occupational groups had a higher mortality risk than the group of professional workers. Mortality risk was not statistically significant only among intermediate workers (Table 3) .
For male workers, ER/DP eligibility increased the mortality risk but the relationship was of borderline significance (p = 0.06), both in the models analyzing education and occupational status. Reporting more than three chronic health conditions had a significant influence on increasing mortality risk in the models fitted for education and occupational class (Tables 4 and 5 ).
Eligibility for ER/DP was found to increase mortality risk among workers in all the groups categorized by educational level, compared to ineligible workers with the same level of education. However, this difference was of borderline significance (p = 0.06) only in the group of workers with higher education (Table 4) . disease by contributing to worse health and the development of social inequalities in health. The hazardous working conditions include exposure to physical and chemical hazards, physically demanding work, prolonged sedentary work, a broad range of psychological and social stressors at work, and the quality of work in terms of safety, in addition to the organization of work and employment. Much research has focused on the ways by which the quality of work and employment can influence health. For example, Steptoe [7] presumes that variations in the socioeconomic position affect physical health, and describes the relationship between socioeconomic gradients and mortality patterns for many chronic conditions. The present study confirms the influence of socioeconomic indicators on mortality risk. Firstly, the results indicate that education has a stronger influence on mortality than the occupational status does. Education has also an indirect influence on mortality risk, for it effectively determines the character of one's occupation later in life. As education strongly correlates with occupational status, it was not possible to simultaneously analyze the impact of these factors on mortality patterns. The level of education, though an important marker of the socioeconomic status, may be a poorer predictor of later material wellbeing. The occupational status was related to the health consequences of employment in particular working environments. According to Smith [21] , adult occupational class was more strongly related to smoking behavior than the age at completing education. This points to the significance of knowledge acquired in relation to the socioeconomic status. Smith [21] postulates that both education and occupational social class serve as indices of the life-course socioeconomic experience and concludes that one's age at completing fulltime education and the occupational social class are both strongly related to the risk factors of chronic morbidity and mortality [21] . The analysis of other factors characteristic for the occupational status and its effects, as well as the subjects' attitude to work and health, indicates that being eligible for ER/DP has influenced mortality risk independently of the level of education. The influence of eligibility for ER/DP as an extremely important life value. Such individuals had a lower mortality risk than those assessing work as a moderately important value. Individuals with vocational basic education who thought work was extremely important had a higher mortality risk than those who regarded work as a moderately important value (Table 4) . These trends were not statistically significant. The attitude to work strongly influenced mortality risk in different occupational classes. Professional workers as well as skilled non-manual and skilled manual workers who perceived work as extremely important had a lower mortality risk than representatives of the same occupational class who thought work was a moderately important value. An inverse relationship was noted for intermediate workers and partly skilled and unskilled workers (Table 5 ). Compared to reporting three or less chronic health conditions, reporting three or more chronic conditions had influence on increasing mortality risk for workers at all educational levels. However, this factor was statistically significant (Table 4 ) only for subjects with vocational basic education. Likewise, the presence of three or more chronic conditions significantly increased mortality risk in all the occupational groups (Table 4) . The significant influence of education and occupational status on mortality risk was evident when these predictors were analyzed separately. The highest mortality risk was noted for skilled manual workers as well as workers with vocational basic education. The mortality risk ratios calculated from models based on education variables were higher than when the models were based on occupational class variables. This finding implies that education may have higher influence on mortality risk than the occupational class (Table 5 ).
DISCUSSION
The relationship between socioeconomic status and health is well established, and so are the differences in mortality patterns between socioeconomic groups [22] . Siegrist and Theorell [3] regard work and employment as being of critical importance to health. They explain how hazardous working conditions can exacerbate the burden of The present study was also based on the indicators of the socioeconomic status during the period of occupational activity. However, by including in the models all the variables related to the quality of life, it was possible to confirm the significance of education and occupational class as the predictors of mortality risk in older age.
was most significant among professionals and skilled nonmanual workers, and least significant among skilled manual workers. Caring for one's health in the past influenced mortality risk in workers with higher education. The other educational levels had no uniform influence on mortality risk. For example, among the workers who reported caring for their health in the past, mortality risk was slightly increased for workers with elementary or elementary incomplete education and decreased for those with secondary or vocational basic education levels. When this variable was analyzed along with caring for one's health in the past, the differences in mortality risk were also non-uniform across the occupational classes. Professional workers and skilled non-manual workers who reported caring for their health in the past were found to have a higher mortality risk than those who did not care for their health. In other occupational groups, this relation showed an inverse direction. The attitude to work as a life value had no influence on mortality risk among workers with elementary/elementary incomplete or secondary education. For other educational levels, this relationship was not homoghis relationship was not homogenous. Among workers with higher education, mortality risk for workers perceiving work as extremely important was lower than for those who thought work was a moderately important life value. An inverse relationship was observed for workers with technical vocational basic education. Another non-uniform relationship was observed in the analysis of mortality risk in relation to occupational class and attitude to work. Professional workers as well as skilled non-manual and skilled manual workers who regarded their work as extremely important had a lower mortality risk, whereas an inverse relationship was noted for other occupational groups. The workers who reported more than three chronic health conditions had an increased mortality risk regardless of their education or occupational group. Several geriatric studies have focused on educational level and occupational status of the elderly. However, these SES indicators may have been determined relatively early in one's life and are naturally subject to change. Therefore, one should consider the selection bias and its possible influence on the study results [19] .
